Immune cells in the ovary are potential targets for HIV infection.
Method of study:
Immune cells were isolated from ovaries and characterized by flow cytometry. Cells were exposed to HIV for 2 hours. HIV infection was measured by flow cytometry and p24 secretion following 6 days in culture.
Results: CD4
+ T cells and CD14 + cells are present in the ovary and susceptible to infection by HIV-BaL. Among the CD45 + cells present, 30% were CD3 + T cells (with similar proportions of CD4 + or CD8 + T cells), and 7%-10% were CD14 + cells. Both CD4 + T cells and CD14 + cells were productively infected and supported replication.
Conclusion:
Immune cells in the ovary are potential targets for HIV infection.
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| INTRODUCTION
As of 2015, 36.7 million people were living with HIV, approximately half of which are women. 1 The majority of women diagnosed with HIV worldwide contract the virus through genital intercourse with an infected partner. 2 Previous studies and trials have focused on the lower female reproductive tract (FRT) as the initial site of infection based on intravaginal simian immunodeficiency virus (SIV) infections in nonhuman primates. 3 These studies presented evidence that CD4 + T cells in the endocervix and ectocervix were the first cells infected. 4, 5 More recently, analysis of the FRT in its entirety after vaginal inoculation of non-human primates demonstrated that multiple portals of entry exist. 6 In studies designed to identify early events of viral transmission, Hope and colleagues demonstrated that vaginally deposited SIV rapidly disseminates throughout the lower and upper FRT. Using a dual reporter system, these studies unexpectedly demonstrated that the ovary was the second most frequent site of viral detection, after vagina and ectocervix. 6, 7 In addition to the detection of viral RNA in the ovary following vaginal inoculation of macaques, studies by 
| MATERIALS AND METHODS
| Study subjects
Ovarian tissues were obtained from eight women undergoing hyster- 
| Tissue processing
Ovarian tissues were processed to obtain a mixed cell suspension as described previously, 17 
| Flow cytometry
Prior to HIV infection, mixed cell suspensions were stained for sur- 
| Leukocyte contamination
Potential leukocyte contamination from peripheral blood of ovarian tissues was assessed as described before. 18 Briefly, erythrocytes and non-erythrocytes present in the mixed cell suspension were counted in ovarian cell samples (data not shown). Every tissue was used in HIV infection experiments, and levels of blood leukocytes contamination were lower than the infection levels measured.
| Viruses
The replication-competent GFP-encoding infectious molecular clone (IMC), pNLENG1i-BaL.ecto, 19 was derived from pNLENG1-ires 20 to express heterologous BaL env gene sequences in an isogenic backbone following the strategy previously described. 21, 22 Such reporter viruses, collectively referred to as Env-IMC-GFP, expresses GFP upon infection of HIV-1 susceptible target cells. 19, 23 Throughout the text we refer to this GFP-reporter virus as "HIV-GFP-BaL".
| HIV infection
Mixed cells suspensions were exposed to HIV-GFP-BaL for 2 hours at a MOI=1 
| Statistics
Data analysis was performed using GraphPad Prism 5.0 (GraphPad Software, La Jolla, CA, USA). A two-sided P value <.05 was considered statistically significant. Comparison of two groups was performed using the non-parametric Wilcoxon matched-pairs signed rank test.
Comparison of three groups was performed using Kruskal-Wallis, followed by Dunn's post-test to correct for multiple comparisons.
Comparison of HIV infections in the absence vs presence of AZT overtime was analyzed using two-way ANOVA with Bonferroni post-test for multiple comparison correction. 
| RESULTS
| CD4
| HIV infects immune cells from the ovary
To determine whether immune cells from the ovary are susceptible to HIV infection and replication, mixed cell suspensions prepared from ovaries from four donors were incubated with HIV-GFP-BaL (MOI=1) for 2 hour, after which cells were thoroughly washed to remove free virus and incubated for 6 days. De novo produced, released p24
was measured at days 2, 4, and 6 by ELISA (Figure. 4) , and productive infection also assessed at the end of the infection period by GFP expression (Figure. 
| Ovarian CD4 + T cells and CD14 + cells are susceptible to HIV infection
We next tested the hypothesis that both CD4 + T cells and CD14 In summary, our studies extend the non-human primate findings 6, 7 by demonstrating that human ovarian tissues from pre-and postmenopausal women contain both T cells and CD14 + cells that are susceptible to infection by, and support replication of, prototypic R5 virus.
| DISCUSSION
The presence of HIV-1 target cells in the human ovary and their possible roles in sexual acquisition of HIV takes on new importance with the recognition that SIV infects ovarian immune cells in the non-human primate. 6, 8 In the present study, we examined the presence, abundance, and susceptibility to HIV-infection of CD4 + T cells and CD14 ) and monocyte-derived cells 25 with the ability to rapidly capture HIV. In addition, CD14 is also a marker for tissue macrophages 26, 27 , and endometrial macrophages were shown to be the main source of p24 after 11 days in culture. 26 Therefore, identification of the populations of DCs and macrophages present in the ovary and whether they each is a major source for viral replication at later stages of the infection remains to be determined.
Early studies in non-human primates reported that the cervix is the first site of detectable SIV-infection. Just how infection levels detected in human ovarian tissues compare to other sites in the FRT remains to be determined. Due to the difficulty in obtaining ovarian tissues, we were not able to perform side by side comparisons with other FRT tissues to discern possible differences. However, based on our previous studies on HIV infection of immune cells from endometrial, endocervical, and ectocervical tissues, our findings with ovarian tissues suggest that they are more susceptible to infection than cells from the endometrium, but less susceptible than the endocervix and ectocervix. However, difference between sites cannot exclude the reality that HIV infection conditions used in the present study were different from our previous study. 17 Nevertheless, similar differential distribution was also observed in non-human primates. 6 Common misconception is that the upper tract (uterus and fallopian tubes) is sterile and protected from pathogens that enter the lower FRT (ectocervix and vagina). In reality, the upper FRT is continuously exposed to commensals and pathogens, present in the lower FRT.
28-30
Others have shown that labeled-albumin microspheres and dyes as well as sperm enter the uterus and fallopian tubes within minutes of placement in the vagina. 
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